-1 resolution. Attenuated total reflectance (ATR) Fourier transform infrared (FTIR) spectra were obtained using a liquid N 2 cooled SENSIR Technologies IlluminatIR mounted to an Olympus BX51 microscope. An ATR objective was pressed into crystals of ewingite and measured from 4000 to 650 cm -1
. The Raman spectrum of ewingite is shown in Fig. DR1 , and the infrared spectrum in Fig DR2. The broad infrared band observed around 3200 cm -1 , with shoulders at 3350 and 3500 cm -1 are attributed to  O-H stretching vibrations of structurally unique hydrogen bonded water molecules. Using the correlation function given by Libowitzky (1999) , the approximate O-HO hydrogen bond-lengths calculated from the observed stretching frequencies lie within the range ~2.9 to 2.6 Å. A weak IR band centered at 1630 cm -1 may be assigned to the  2 () bending vibration of water, though it is not observed in the Raman spectrum since it may be too weak. Assignments become complicated in the region between 1300 and 1600 cm ). Splitting of the  3 (CO 3 ) 2- antisymmetric stretching vibrations indicate the presence of bidentately bonded carbonate groups about uranium (Čejka, 1999; Jolivet et al., 1980) . The split  1 (CO 3 ) 2- symmetric stretching vibrations are observed at 1095, (shoulders at 1107 and 1087 cm -1 ) in Raman. A very weak band of the same assignment is found at 1108 cm -1 in IR and though should be forbidden, its activation is due to non-symmetric (CO 3 ) 2- units (Urbanec and J., 1979) . The number of Raman bands in this region (~1100 cm . Bartlett and Cooney(Bartlett and Cooney, 1989) provide an empirical relationship to derive the approximate U-O yl bond lengths from the band position assigned to the (UO 2 ) 2+ stretching vibrations, which gives 1.779 Å (Raman  1 ), and 1.772 (IR  3 ); lengths on par with U-O yl bond lengths (Burns et al., 1997 
Chemical Analysis: HR-ICP-MS
Microprobe data were obtained, but difficulty in analysis and preparation of the weak and heavily hydrated crystals gave poor data. In light of this, high resolution Inductively Coupled Mass Spectrometry (HR-ICP-MS) was utilized to empirically determine the formula for ewingite. Approximately forty small crystals, weighing roughly ~250 µg, were hand-picked with the aid of a microscope and then placed in two separate micro-centrifuge tubes. The crystals were digested in 1 mL of high purity, double distilled 2% HNO 3 acid and subsequently diluted 200-fold. Solution-mode ICP-MS analyses were conducted using the AttoM HR-ICP-MS (by Nu Instruments) in medium mass resolution (∆m/m ~3300). An external calibration method was used to determine the concentrations of U, Mg, Mn, and Ca. A five-point calibration curve was adopted for each element ranging in concentrations from 0.2 ppb to 50 ppb. Ca. Dissolved mineral samples were run in triplicate and average elemental ratios were calculated (Table S1 ) along with their respective standard deviation and relative standard deviation (%). Obtaining an accurate mass of dissolved crystals was impossible due to limited material, which prevents back-calculation to true weight percent oxide values; thus the reported elemental concentrations are reported as a ratio relative to uranium. For convenience, the mean apfu values were converted to calculated weight percent oxide based on 292 O, 24 U, and 30 CO 3 pfu.
A direct determination of H 2 O and CO 2 content was not done due to the paucity of material. In the absence of a direct determination of CO 2 , the empirical formula is calculated for 24 U and 292 O, with 30 CO 3 pfu as obtained from the X-ray data, and charge is balanced by adding hydrogen. Infrared spectroscopy confirmed the presence of (CO 3 ) 2- and H 2 O, and (CO 3 ) 2- was also observed in the Raman spectrum.
Physical Properties
The mineral occurs as aggregates of equant golden yellow crystals to 0.2 mm (Fig. DR3, S5 ). No twinning was observed. Crystals are transparent with a vitreous luster. The mineral has a pale yellow streak, and is non-fluorescent under LW and SW UV. The Mohs hardness is about 2, estimated by the behavior of crystals when broken. Crystals of ewingite are brittle with no discernable cleavage and uneven fracture. The density could not be measured due to the limited availability of material. The calculated density is 2.543 g·cm -3 based on the empirical formula.
Optical Properties:
Uniaxial +/-, ω = ε = 1.537(1) (white light)
Crystals of ewingite are so weakly anisotropic that, for practical purposes, they can be considered isotropic. The apparent isotropism is interesting because the optics appear to be dominated by the cubic symmetry of the U cage (T d ), where the packing of multiple cage-clusters is only slightly twisted (~14°) from cubic symmetry along the 4 axes ( Fig. DR4 ).
Single Crystal X-ray Diffraction
A yellow crystal with dimensions 66 x 44 x 11 µm was mounted on the tip of a glass fiber with glue. The X-ray diffraction experiment was performed with a Bruker D8 diffractometer and an APEX II detector using synchrotron radiation, 30 keV (0.41328Å), at 100(2) K with an Oxford Cyrojet. A total of 2160 frames (0.5°/ scans) were collected at a 2 angle of -8° and -15°. At each 2 angle, the  are at values of -180°, -160°, 140°. The distance between the detector and the crystal was 12 cm with an exposure time of 0.2s.
The Apex 3 software package was used for processing collected diffraction data, including corrections for background, polarization and Lorentz effects. A multi-scan empirical absorption correction was done using SADABS, and an initial model was obtained by the charge-flipping method using SHELXT (Sheldrick, 2015) . Refinement proceeded by full-matrix least-squares on F 2 using SHELX-2014/7 (Sheldrick, 2008) , and refined to an R 1 of 15.15% for 1394 reflections with I obs > 4σ(I). The space-group I4 1 /acd was confirmed as the most well converged refinement, details for which are given in Table S2 . Crystals of ewingite have pseudo-symmetric diffraction patterns, and refinement was initially attempted in the orthorhombic space group Ibca, with an applied pseudo-tetragonal twin law that gave a marginally similar model (R 1 = ~15.5%), but also an unrealistic coordination environment about several U atoms. Placement in the orthorhombic space group effectively doubles the number of refined parameters, which provides an artificially better model by numbers, though there is no improvement in the estimated standard deviations or R w values relative to I4 1 /acd. Atomic coordinates, displacement parameters, and bond valence sums are given in Data table S1. The anisotropic displacement parameters are given in Data table S2, and selected bond distances in Data table S3.
Powder Diffraction
Powder diffraction data were recorded using a Rigaku R-Axis Rapid II curved imaging plate microdiffractometer with monochromated MoKα radiation. A Gandolfilike motion on the φ and ω axes was used to randomize the sample. Observed d-spacings and intensities were derived by profile fitting using JADE 2010 software (Materials Data, Inc.). A table comparing the experimentally observed and calculated peak positions (in Å for MoKα) is given in Data Table S4 . Unit cell parameters refined from the powder data using JADE 2010 with whole pattern fitting are given below. Figure DR1 . The Raman spectrum of ewingite collected with a 785 nm laser, from 1500 to 100 cm -1
. Figure DR2 . The FTIR spectrum of ewingite, from 4000 to 650 cm -1
. Figure DR3 . SEM secondary electron image of a crystal of ewingite, which rapidly dehydrated and cracked when exposed to vacuum. Tables   Data table DR1 (Brown and Altermatt, 1985) ; U 6+ -O bond strength from Burns et al. (Burns et al., 1997 
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